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FREE -SPINNING-TUNNEL TESTS OF A é%—SCAIE MODEL
OF THE DOUGLAS XTBZ2D-1 AIRPLARE

By Relph W. Stone, Jr. and Theodore Berman
SUMMARY

A gpin-tunnel investigation of a é%rscale model of the

Douglas XTB2D-1 eirplane hes been conducted in the Langley 20-foot
free-spinning tummel. The effects of control settings and movements
upon the erect- and inverted-spin and recovery characteriastics of
the model were determined for various loading conditions. Tests
were also performed to determine the effects of various tall modifi-
cations. The investliasption included emergency spin-recovery para-
chute tests es well as crew-escepe and rudder- and elevator-force
tests. All tests were performed at an equivalent spin altitude

of 20,000 feet.

The recovery characteriatics of the model in its original
design were found to be unsatisfactory. Installation of a large
ventral fin, instaellation of tip fins on the.horizontel teil, or
installation of a small ventral fin in combination with antispar
fillets and a spenwlse extension of the horizontal-tail surfaces
satisfectorily lmproved the recovery characteristics of tho model.
Annlysis indicates that moving the horizontal =all upward and forward
sufficlently will aelso lead to satisfactory recoveries. A 19.5-foot
tail parachute with & drag coefficlent of 0.60 or a 7.6-foot wing-
tip parachute opened on the outboard wing tip with & drag coeffl-
clent of 0.59 was found to be matlisfectory as an emergency spin-
recovery device for demonstrations. It was Indicated that in an
emergency the crew should leeve the alrplane in e spln from the
outboard £ids ¢ from below the fuselage rcarvard of the wing.

The rudder and elevaetor control forces meesured were found to be
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beyond the capabilities of the pilot. Somwe suitable bocater mystem
will be necessary omn the airplans to obtain the full control move-
ments for recovery.

INTRODUCTION

In accordance wlith the request of the Bureaun of Aercnautics,
Navy Department, model tests were performed in the Iangley 20-foot
freeo-spimning tummel to determine the apin and recovery chavec-
terlstics of the Dougles XTBZD-1 sirpleme. The XTBZD-1 1a a low-
wing, single-engine, three-place airplane with comtra-rotating

propellers. In order to expedlite testa, two Elg—ucala models of
the alrplene were used.

The spin and recovery characterimtics were determined for the
normal loading (two externmal torpedos) end for several other possible
loedings, including asymmetrical loedingn. Seversl modifications
were tested to lmprove the spin and recovery oharecteristics of
the model. The effects of wing-tip sand tsil perechutes a8 devices
for emergency recovery from demomatration spins were iuvestigated.
In addition, testn were performed to determine the best method for
the &rew to leave the airplane if in an unoomtrolled spin, emd to
determine the control forcves required to move the omtmls for
recovery from a spin.

SYMBOLS
b wing span, feet
m mass of airplene, sluga
5 wing areoa, square feet
o wing chord, feet
mean serodynamic chord, feet
x/5 ratio of distance of center of gravity rearward of

leading edge of mean asrodyoamic chord to mean
aerodynamic chord
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v/e

z/c

Ixs Bys Ig

Iy - Iy

retio of disteance between center of gravity end plene
of symmetry to mean aerodynem’c chord (positive
when center of gravity is to right of plene of

symetxry)

ratio of dietance between center of gravity and
thrust line to mean aerodynsmic chord (positive
when center of gravity 1s below thrust line)

moments of inertia about X, Y, end Z body axes, respec-
tively, slug-feet2

inertis yawing-moment parameter

inertie rolling-moment paramster

inertia pitching-moment parameter

alr denaity, slug per cuble foot

relative density of airplane

angle between thrust line and vertical (approximetely
equal to absolute value of angle of attack at plane

of symmetry), degrees
angle between span axis and horizontal, degrees
full-scale true rate of descent, feet per second

full-scale anguler velocity about spin exid, revo-
Jutions per second

helix sngle, engle between flight path and vertical,
degrees (For this model, the average absolute
value of the helix angle was spproximately 3°.)

approximete angle of sidesllp at center of gravity,
degrees (Sideslip is inward when inher wing ia
down by an emount greater than the helix angle.)
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APPARATUS AND METHODS
Model

The Elg-ucale models of the Douglss XTBD-1 airplane were

furmished by the Bureau of Aeronautics, FNavy Department, and were
checked dimensionally and prepared for testing by langley. Dimem~-
sional characteristiocs of the airplane are given in tsble I. A
three-vliew drewing of the models in the normel loading 1a shown
in figure 1. Fgure 2 is & photograph of ove of the models in the
normal loading. Sketches of the modifications tested are shown
in Pigures 3 and k.

As previously indicated, two models were bullt to expedite. the
tents. Because the actusl dlhedral of the airplane hed not been
deolded upon but was to be either 8° or 10°, ome model wes constructed
vith 8° end the other with 10° dihedrel.

The models were ballmated with lead weights to obtain dynamic
gimilarity to the airplane at an altitude of 20,000 feet {p = 0.001267
slug per cubic foot). The weight, maments of inertin and oenter-
of-gravity locatlom of the nirpla.ne were obtained frcm data furnished
by the Douglas Aircreft Campany. A remote-comtrol mechanism was
inatalled in the modsl to ectunte the controls or to open the para-
chute for recovery tests, and also to relsase tho dwmy crewmen for
crew-escape tests. Sufficlent hings moment wae applied to the
control surfaces during the regular test progrem to move them fully
and mapidly to the desired poaitions.

The model parechutes used were of the circular flat type mads
of silk. Drug coefficlents, meesured at the time of tests, based
on the surfece area of the cenopy when spresd out :I.’Jn.t, sre liasted
in table II.

The éé-scale dummy used for the crew-escape testa was comstructed

&t Iangley and was scaled down both in dimempgions and weight to
represent a crew member and parschute (220 pounds) at sn altitude
of 20,000 feet.

The propellers wers pot simnlated om the model because the
results of previocus tests (dsta unpubiished) have indicated littls
effect of a8 windmilling propeller on the epin and recovery chareo-
teristice of models of conventional airplanes.

Fixed elevator slats, simmleting those of the airplane, were
installed on the model as shown in figure k.
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Wind Tunnel and Testing Technique

The tests were performed in the Langley 20-foot free-gspinning
tunnel, the operation of which is generally eimilar to that described
in reference 1 for the 15-foot free-mpinning tunnel except thet the
model launching technique has been chenged. With the controls sst
in the desired position the model 1is lasunched by hand with rotation
Into the vertically rising alr stream. After a number of turns in
the established spin, recovery is attempted by moving one or more
controls by means of the remote-control mechenism. After recovery,
the model dives into the safety net. The data presented were
determined by methods described in reference 1 and have been con-
verted to corresponding full-scele velues. A photograph of the
model spinning in the tunnel 1s shown in figure 5.

Tn accordance with standsrd spin-tunnel procsdure, lests were
performed to determine the spin and recovery cheracterlstlce of the
model for the normel spinning control corfiguration (elevator full
up, eilerons neutral, end rudder full with the spin) and for verious
other aileron-elevator combinations including neutral and meximum
deflections of the surfaces for verious moldel loadings and configu-
rations. Where spins were obtalned, recovery wes attempted either
by rapid full reversel of the rudder or by repid full reversal of
both rudder end elevator. If the model recovered without control
movement when launched in & spinning attitude with the controls set
for the spin, the condition was recorded as "no spin.”

Tests werc also performed to evaluste the possible adverase
effects on recovery of small devietions from ths normal control
configuration for spinning. For these tests, the allerons were set
one third of their full deflection in the direction comducive to
slower recoveries, with the spin for the XTB2D-1 model (stick right
in & right spin) and the elsvator was set at two-thirds full-up or
full-up deflection. Recovery was attempted by either repidly
reversing the rudder from full-with to two-thirds against the spin
or by movement of the rudder to two-thirds egaingt the spir 1n con-
Junction with moving the elevator to one-third down. This particular
contrsl configuretion and movement is referred to as the "criterion
gpin.

The turms for recovery were measured from the time the controls
were moved tc the time the spin rotation ceased. The criterion for a
setiasfactory recovery from & agpin for & spin-itunnel model hes been
adopted as two turns or less besed primarily on the probable loss of
eltitude of a corresponding ailrplane during recovery and the subse-
quent dive. As a result of spin-turmel experience, the recovery
charecterietice of a model are considered matisfectory if recovery

requires no mors than 2% turng from the criterion epin.
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For the spins which had a rate of descent in excess of that
vhich can be readily ettained in the tunmnel, the rate of descent
wag recorded as greater then the veloclty at the time the model
hit the safety net, as for exsmple, 5 300 feet per mecond. ¥or
these tests, recovery was usuanlly attempted before the model reached
its final steeper apin attitude and vhile the model was still
descending in the tmmel. Such results are considered comservative.
For recovery attempts in which the model strck the safety net while
it wes still in & spin, the recovery was recorded as greater than
the number of turns observed from the time the cantrols were moved
to the time the model mtruck the safety net, as > 3. A >3-turn
recovery does not necessarily indicate an improvement over
a 2 7-turn recovery.

The testing tecimique for determining the optimm slre of, axnd
the towline length for, spin-recovery parachutes 1s desoribed in
detail in reference 2. In brief, the model in the origimal configu-
ration wap launched with rotation into the turmel with the ruadder
got full with the spin. Wing-tip pmrachutes were attached to the
outer wing tip (left wing tip in a right spin). When the parechute
wag attached tc the wing tip, the towline length was so adusted
that the parachute would just clear the sitabilirer when fully
extended. In every case the folded paracimte wes placed on the
fuselage or on the wing in such a position that it &id mot Influence
the steady spin before the parachute wes ocpensd. (It 1s recommended
that for the full-scale wing-tip instalirtions, the parachute be
packed within the wing structure. A posltive means of electiom
should be provided for any parachute installation.) For the current
tests, the controls were not moved during recovery so recovery was
due entirely to the effect of cpening the parachute.

For the tests to determine from which slde of the spinning
alrplens 1t would be safer for the orew Lo esoape In an emergency,
the durmy wes released from the inboard slde and Prom the outbosard
glde of the fuselage at the cockpit and from the bottom of the tub-
1ike structure located below the fuselege near the trailing edge
of the wing, denoted ms the "bamber's tub.” Theme tests were per-
formed for both typical Ilat and typical steep spins.

PRECISION

.. The gpin‘ results presented herein are believed to be the true
velues glven by the models within the following limite:
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(+1/h from motion picture records
ﬂ_g: 1/2 from visual obgervetion

¢

Turns for recovery

The preceding limite mey have been exceeded for certain aspins
in which it was difficult to control the model in the tunnel because
of the high rate of descent or because of the wandering or oscillatory
nature of the spin.

Comparison between model end airplene spin results (references 1
and 3) indicates thet spin-tumnel results are not always in complete
agreement with airplane spin results. In general, the models apun
at & somewhat smmller angle of atteck, at a somewhot higher rate of
descent, and at from 5° to 10° more outward giceslip then did the
corresponding alrplance. The camparison mede in rcference 3 for 20 ailr-
planes showed that 16 of the models predicted seatisfactorily the
corresponding airplene recovery charecteriatics and that 2 of them
overcetimated and that 2 of then underestimatec. the corresponding
number of turns for recovery.

Little cen be astated ahout the precision of the crew-escape
tests as littls comparable full-scale data are evallable. It is
considered that when the dummy crewmen is obssrved to clear all
parts of the model Ty a large merglin after being reoleased, the
crewmsn of the corresponding air:p:lane can escape from an uncon-
trollable spin of the sirplane.

Becauase of the impmc.ticability of 'ballastinc- the model exactly
and because of inadvertent damage to the modele during the epin
teats, the measured welght and mass distributica of the models veried -
from the true scaled-down values. The followirg table shows the
range of welght and mess distribution verletions measured for both
models:

Welght, percent -+ .
Center-of-grevity locetlon, percent

Moments |Ix, percent . « ¢ & ¢ .¢ &
of Iy, percent o o 0 ¢ o o &
inertla Iz, percent « . « « « « &«

. 8w 0 to 3 high
« 5 forwvard to 3 forward
2 Jow to 13 high
5 low to 1 high
3 high to 13 high
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The accurecy of measuring the welght end mmas dietridution of
the models are belleved to be within the following Jlmits:

wai@t, PBert L] L] - - L] - - L] L - L L L] L]
Center-of-gravity locetion, percent T . . .
Moments of Inertia, percent . « . ¢« + « « &

.-
H H H
1 gt

The controls were set with an acporacy of + 1°.
TEST CONDITIONS

Teets were performed for the model conditions listed on table III.
The wesas cheracteristics and inertie parsmetera For lomdings possible
on the airplane end tested on the models are listed on tebles IV and V,
reapectively. The lnertis parameters for the loadings of the
XTB2D.1 airplane and for the loedings tested on the modiel are plotted
in figure 6. As discussed in reference U4, figure 6 can be used as
an ald in predicting the relative eﬂ‘ectivenens of the oontrols on
the B'_pc!;n a.nd racovery characteriatica of the nod.al.

Tall da.mping power factors were computed by the method described
in reference 2 and, for the original teil camfiguretion, the factor
was 197 X 10~ ‘I'ail-d.a.mp:lng power :!'actora for all configuraticos
tested are J.isted on table TI. _

- The normel maximm control deflectiona uged in the current
tosts were:

. .« .. 2571ft, 25 right
e s s s u 29 up, 21 down
----..lh-:iup,lhdﬂm

Rudder, degrees . « «
Elevator, degrees . « .
Allerons, degrees . « .«

-
-
L)

The intermsdiate control deflectioms used weret

Rudder two-thirds deflectod, dB@Erees « « « o « = s o « « « &« = 15%—
Elevator two-thirds up, degreoB . + « + = « s s o « ¢ s s = o 19%
Elevator ane-third down, degrees +« « + + « & o s = s s o ¢« « & T
Allerons cne-third deflected, degrees . « « « & » 4.8 up, k.7 dowm
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For 211 the tests, the lending flaps end dive flaps were
neutral, the landing geer was retracted, and the cockplt was closed.

RESUITS ARD DISCUSSION

The results of the tests are presented in tables IT and VII
and on cherts 1 to 8. For both models, right spins were generally
gteep with recovery satisfactory if both the rudder and elevator
were reversed, while left spins were flat with unsatisfactory
recoveries, regardless of control movement. Tests were performed
to determine the cause of the asymmetrical results obtalned to the
right and left and the results indicated that the asymmetry wes not
causzd by the rader umit mounted at the right wing dihedral dbreak,
It appears that the difference 1n results was probebly due to
slight, ircdvertent, asymmetric model construction, which although
within congtruction tolerances, nevertheless affected the results
of the current design appreciasbly. Both models were affectsd
gimilarly. It thus appears that smell variations in the elrplane
construction, within production tolerances, mey also result in a
range of recovery characteristics, with a definite possibility of
unsetlsfactory recoveries. Accordingly, modifications were teated
on the model for left epira to determine en effective modification
which would eliminete the poasibility that the alrplans might enter
an uncontrollable spin.

The initial results obtained with the two models indicated
tha.t the effect of the small wing dihedral difference contemplated
(8° and 10°) wes not significent. Tests thereefter were made on
elther model as was expecitious to the test progrem. The discussion,
pregented herein, is trected in terms of one model.

Normal Yoeading

Erect spins.- The test results obtained with the model spinning
orect in the normal loeding ars shown in chart 1. For left spins s
when the allerons were zneutrel or whern the allerons were with the
spir. (left allerca up in a loft spin) the modsl spun steadlly in a
fairly flat attituvde for alli slevetor positions. When the eilerons
were against the spin, the spins were steep and oscillatory in pitch.
The oscillation was periodic, verying from flat to steep in approxi-
mately one turn. With the slevators dowvn apd the ailerona ageinst
the spin the model would not epin. Recoveries from left spins could
not be obtained by rudder reversel alone from the epin at normal
control configuration for spianing or from the criterion spin.
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Movement of the elevator down simltansous with rudder reversal
resulted in recoverles which, however, were not satisfactory. ¥or
right spins, all the apins were steeper than wore those at corre-
sponding control configurations to the left. The pattern of control
offectivensas (elevator and aileron effectivenscss) waa, however, the
same &8 that for left splns. Recoverles obtalned from right spins
by rudder reversal elone were marginal but those obtained by simnl-
taneous reversal of both the rudder and elewator wore rapid. These
results indicate the importance of dounward movement of the elesvator
for recovery for this pariicular design and lomding. These results

are in agreement with the effects of mess distribution as indicated
in reference k.

Inverted spins.- Chart 2 glves the tesh results cbiteined with
the model epimming inverted. The order used for prepemting the data
for ilnverted spine is different from that used for erect spins. For
inverted spins, "eontrols crossed” (left rudder pedal forward and
atick to pilot's right) for the esteblished spin 15 presemted to thbe
right of the chart and stick-back is presented at the bottam of the
ohart, When the controls are crossed in the established inverted
spin, the ailerons aid the rolling motiomj when the cantrols are
tagether the allerona oppogse the rolling moticn. The angle of wing
tilt on the chart is glven as up or down relative to the growmd.

The model would epin only with the controls crossed and
recoveries from all spins obtained were satisfactory by repld full
reversel of the ruddex.

Rearward Center of Grevity

The results of tests performed to determine the effect of

moving the center of grevlity rearward 10 percemt of the mean aero-
dynamic chord are preseuted in chart 3. Only & rearward center-of-
gravity movement was investigated beomuse sxperience bes shown that
this direction is the ane moat adverse to spir synd recovery charaoc-
teristica. In gensrml, the steady-spin and the recovery oharacteristics
of the model for this center-of-gravity posltion were simllar to those
- for the normnl cemter-of-grevity position. (See chart 1.) This rear-
ward movement of the cemter aof gravity exceeds that possidle on the
airplene apg infilcated by the Dougiss Compaxny and 1t thus appears -
that movement of the center of gravity as far rearward g8 poasibls

on the airplane will bave negligibls effect.
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Overload Torpedec Condition

Test results ocbtained with the model simlating the overloed
torpedo conditlon (four torpedos instelled on the wing racks and
additional fuel carried in the internal wing tanks) are presented
in chart 4. For the spins tested the model spun at angles of attack
similar to those of corresponding spins of the model in the normel
loeding and recoveries were also generally similar.

Asymmetrical Loadings

Chart 5 shows the results of tests with the model loaded
esymmetrically, exclusive of the radar unit. For these tests a
torpeio was mounted first on the 1nner rack of the two racks on the
left wing end then on the right wing for left spins. Spin recoveries
became more difficult to obtain than those for the normal loading
(chart 1) when the torpedo was on the left wing in a left spin whereas
with the torpedo on the right wing in & left spln recoveries were
greatly lmproved.

Tail Modifications

The results of teste of modifications to the tall of model in
the normal losding are presented in table VII and charts 6 and 7. In
order to expedite the test program, several of the modificetions
end combinastions of scme of the modificationsa that 414 not appear
very promising after initiasl tests were not tested completely and
are not discussed separately. For some of these modifications,
oscillatory spins were cbtained and slthough recoveries from the
a8teep phase of the oscillation were satisfectory, reccoveries from
the flat phese were unsatisfactory. The results of these brief
tests are presgented in table VII.

Yentrel fin 2.- The test results obtalned from left apins with
ventral fin 2 ere given in chart 6. The steady spins were steeper
than corresponding spins with the normal tall configuration.
Recoveries by similtaneous rudder and elevator reversal were con-
pidered satisfactory from any phase of the spin oscillation obtalred.
A ventral fin of this size of the alrplane, however, would interfere
with the arresting gear hook end ground cleersrce and therefore is
probably not practicable for instellation on tke airplsne.

Revised horizontel-tail position.- Based cn the results of tests
of the model with ventral fin 2 installed and on spin-tunnel experi-
ence 1t 1a estlmated that movement of the horirzrontal tall upwerd and
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forwvard an adequate amommt will result in satlefectory recovery
characteristics for the subjlect airplmme. Ralsing the horlzontal
tail 39 inches and moving 1t forward 26 Inches, a position In which
the leading edge of the stabllizer approrimmtely colnsides with thet
of the vertical fin, will result in a tall damping power factor
similar to that of the alrplane with ventrml fin 2 installed and
would probably leed to similar results. -

Tip fins.~ The results of tests with tip fins Inetelled on the
ende of the horizomtel tall are presented in chart 7. These fins
were installed to supply more fixed fin area for damping the spinning
rotation. The apina cbtalned were steeper than corresponding normml
tail configuration spins and recoveries were conmidered satisfactory.

Vemtranl f£in 1, antispin fillets 2, and horizontal~tall spanwise
extenslion.- Several modifications whichk ilndividually had not proven
sufficiently effective although they kad Improved recoveriea some-
what (table VII), were toated in combination. The results presented
on chart 8 show the effect of a smll ventral f£in In cowbinatiom
with entlspin Fillets amd & spanwilse exbension of the horirantal
t8ll, The apins cbiained with this corbimation of modificstions
were etseper and more coscillatory in pitch than those for oorre-
sponding control deflecticns with the origimal teil. Batisfactory
recoveries by slmltaneous reversal of both the rudder and elewator
- Were obtalned from all phases of the apin osclliation with this
configoration of the model in the norsal loading.

Teets results with the cemterof gravity moved rearward 10 per-
cent of the mean aerodynamic chord, elso presented < chart 8, also
indicated satisfactory recovery charecteristics for this combination
of modifications. :

Spin-Recovery Parmchute Testa

The test results obtained for erect spina with apin-recovery
parachutes are presented in tebles IT. The results show that a tail
_parachute 19.5 feet in diameter (full scals) with & drag coefficient

of 0.60 will be necessary to insure satlsfactory recovery by para-
chute actlaon alone. .The results also indioate that & towline spproxi-
mtely 36 feet long will be adequate. BSatisfactory recovery wes also
obtained by opening a 7.6-foot dimmeter wing-tip parachute, baving a
dreg coefficient of 0.59, with an 18-foot towline on the outboard
wving tip (right wing tip in a left epin).
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Crew-Escape Tests

. *The.resulis of the crew-escape tests wers interpreted to 1nd1cate
thet the erew “mémbers could gafely leave the spimning airplene in an
emergency from the outboard side (right aide in a: left ebin).of the
airplane or from the bottom of the "bomber's tub.” -If eny, crew - .
menber has a choice of possible exits i1t would probebly be safest. to
leave through the 'bomber 8 tu‘b.

* 7+ ‘1landing and Diving Conditicns

The lending and diving conditions were not tested on the model
inasmuch as current Navy specifications do not require thie . type of
aiyplane to pass spin demonstrations in the Ja.n:ling or diving
conditions. .

An analysis of full-scale and model tests to determine the
effect of flaps and landing gear, in. the event that the alrplane is
inadvertently spun in these conditions, indicates that although the
-XTB2D-1 sirplene will probably recover satisfactorily from an -

. 1ncipient spin in ‘the landing or diving conditions, recoveries from
fully developed spins will 'probebly be unsatiefactory. It is
recommended therefore that the flaps be neutralized and recovery
attempted immediately upon - inedvertently entering & apin in the
.lending or diving conditions in order to insure that transition from
the 1ncipient to the fu.LJ.y d.eveloped spin does not take place.

Control Forces

The discussion of the results so far has been based on control
effectiveness alone without regard to the forces required to move
the controls. For all tests, sufficient force wes zpplied to the
controls to move them fully and rapidly. Sufficient force must be
applied to the airplane controls to move them in & similar memmer
in order for the model and airplane results to be comparable.

A -few teats were performed with the mod.el in the normal loading
in which the foroces applied to the rudder and elevator, in order to
effect a satisfactory recovery,were measured. The reault.s indicated
thet the Pull-scale pedal end stick forces would both be beyond the
capebilities of the pllot, each being of. the oxder. of, magnitude
. of 1000 pounds, It is therefore recommended thet some auitabdle
' hooaten ‘be used on ths airple,ne Becauae of la.cl: of detail in the

......
~ .. H I '

i lv

v
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rudder snd elsvator balances of the. model of inertia mmaps-balance
effects, and of scale effect, these results are only gualitative
indications of the e.ctua.l forces' that mey be em.peﬁenoed.

-

Becmmemled Recmry Taolmzq_ne

Baged on the results obtalned with the model; the roumrlng
recommendations are made for all loadinga arxl conditions of the
airplene:

With the airplane in the original cmﬂguration, intentional
spins should be avoided and recovery shouid ‘be atterpted :hnnediatel:
upon entering any m&vertent gpin.. - - o

: For erect ap:ln.s the mdder ahould. be reversed briskl;r from :E‘ull
with to full against the spin, followed immediztely by movement of
the ,atick full forward, meinteining it laterally neutral; care should

. be. exercised. to -avold .excepalve rates of acceleratiom in- the enmung

.recovery dive.- If flapa are extended they should be nsutrelized.
When only,one torpedo. ism inatalled on the wing racks; the t.orped.o
should bg Jettiaaned a.nd rqcovery a.ttampted 1mmedintely. ;

. For inverted apinﬂ the ruddsr should be reversed briskly and
the stick ,mved to neutral (,Jatemm and longitudinally).

'concms':tbns AND mcammnom

Baged on results of, Epin tests of -E%-nwle models of tha

' Dotiglas! XYERCD-1 airplane, the following conclusicns apd recomep--
dations r‘egpﬁing spin and recovery characteristics of’ the airp]m
at & tost Bltituds’of 20,000 feot are made: -

1. Because of the critical nature. 01’ the design v:l,th regs.rd.s 'bo
spin recovery, ‘re¢overies from fully developed spina will probably
be unsatisfactory. In ths original design, Intentionel eping should
" be prohi‘bited and recovery should be a.tt.emptod Matqu upqn -

onter.mg e.n i.na.dvertent spin. .

Tl 2 For recovery the rudder ahonld. be reversed :ml.'ly and myidly
:l'ollme‘ed imedia:bely by movement of the stick full form-d R

“ Lo . HE.
. i
.t o3 ~ e
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3. Movement of the horizontal tail upward and forward; inetel-
lation of tip fins on the horizontal tall; or combinstion of &
smell ventral fin, antispen fillets, and & spanwise extension of the
horizontal tall will result in satisfectory recovery characteristics.

k., Satisfactory recoveries will be obtained .from 1nvertec1 spins
by reversing the rudder eand neutralizing the stick.

5. A 19.5~foot tail parachute with & drag coefficient -of 0.60
or & 7.6-foot wing tip perachute with & drag coeffictent of 0.59 will
effect satisfectory recoveries from demonstration spins for any of
the tall configurations discugsed herein.

6. If necessary to abandon the a.irpiane in a spin, the crew
should leave from the outboard sid.e of the eirplans or from below
the fuselage at the "'bomber a tub."” :

7+ The corntrol forces encountered in a spin will proba.bly be
beyond the capabilities of the pilot. A suitable booster for
deereasing the control forces will be necegeery to permit reversal
of controls for recovery.

Langley Memorial Aeronauticel Laboretory
National Advisory Committee for Aeronsutica
Langley Field, Va.

' ; i
'-’-( /. / Y /‘t
Ralph W. Stone, Jr.
Aeronautical Engineer

- »
/ //l.'. ,’-.c"b(, -;;)Lt RN ¢ SR

Theodore Berman
Aeronsutical Engineer

Approved; ~ = FrEAT i o p

S ’
- Hartley A. Soule
Chief of Stability Research Division
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TABIE I,- DIMENSIORAL CHARACTERISTICS OF THE
DOUGLAS XTB2D-1 AIRPIANE

Lengthovera.ll,ft....-........-.c-. ""6
CQ-&xial-Pmpellﬁr diamterﬂ, ft e N & 8 ¢ W & ® @ & 1§£T§8f222:
Propellers, number of blades e8Ch « « « o + o & o o =+ o 4
Nonnalweight,l'b ¢ & 5 & 8 s 8 & & . @ B B & 4 ¢ & @ 26,3’%3
Normael center-of-grevity location, percent T . « ¢ » 25
Wing:
Dihedreal, deg
Center gectionBs o+ « o =+ ¢ ¢ & ¢ 3 o ¢ ¢ s s o ¢« o s o]
Outerpanels...-.-..-...--..... 100!‘8
Wing spen, £t o « o « « » 70.2 (10° dihedral), T0.3 (8° dihedrel)
Area’ Bq ft L] [ ] - L] L] [ ] * L] L] * . L ) L . L d . - - L ] L] - &8.27
Section root (Douglas depignetion) . « ¢« « o ¢ « « « E.S, 8HES518
Section tip (Dougles designation) . + « o + » « o « o E.S. 8EISL6
ROOt Chord. mcj.d-ence, d.eg « & & * e W & &8 8 8 &8 @& B @ 2
Tip Chord 1nc1dence’ d-eg e 8 * & a4 @ & 8 s @& s @ ¢ 8 0
Aspect mtio - ) 1 ] . - - . 1 ) L] L] L] . L . > L] - . * L] 8-1
Mean serodynamic chord, In. . « « « ¢ o ¢ o « o o & 108
Flap, hinge line to treiling edge, percent chord . . 17.5

Ailerons:
Hinge line to treiling edge, percent chord .
Span, percent of B/2 4+ 4 ¢ s s s s e s e e

o @
. v
=
S
s »
A

Horizontal-tail surfaces:
Total a.rea-, 849 ft . . P & & & F & & 8 &€ 2 & & ® & ° » lh8-2
Span, ft . T @ [ ] . & . . 5 @ . « &+ @ 2 B . @ . o [ 3 25 |8
Elevator area, 8q b i e 8 # s & $ & B " B & & + ® e 56 .
Distance from normel center of gravity to elevator
hinge lin.e’ £t e 8 ¢ € 8 g & ¢ 4 & & & % & w8 v & & 27 ¢5
Verticel-tall aurfaces:
Total area, Bq_ ft - - Y - L ] L ] - * . > L ] L] v * [ ] - L J L & Ie
To‘t&l rudder B-rea.’ Bq ft « ¢ ® & 8 ® 6 & & & P G s = 35 06
Distence from normel center of grevity to rudder
hinge line’ b i s & & & * 8 & 4 @ v & & 8 s B 8 & 26 O

NATIONAL ADVISCRY
COMMITTEE FOR AERONAUTICS
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TABLE TT. - SPIN-RECOVERY PARACHUTE TESTS ON A fgqscm MODEL

. OF THEE DOUGIAS XTB2D-1 AIRPIAKE

[Left spins; ellerons neutral; elevator up; normal loading;
v flaps neutral; recoveries attempted from established
steedy spins, rudder held with the spin]

Parachute | Parschute Verticel rete| qpume for Towline
diemster |drag coeffi- | of descent recovery length '(ft)
(£t} cient (fos)

Tell perachutes

16.2 0.62 2l3 1%,>h, w 36

17.3 .56 2h3 %, 1, >2,® 36
11

19.5 .60 2h3 2, 5 2 £ 36

Wing-tip perachutes

- ]

13.0 .58 243 -;—, 1, l, 1% 6

1 41

1. . Y
i 11.5 61 243 1, 4, 1 11
8.7 M7 2k3 1, 1%‘- 15
7.6 59 243 1%, 1;:, 2 18
6.1 .69 243 2, 2%, >2_;. 17

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA RM No. 16K18

TABLE IIT.- CONDITIONS OF THE %—SGAII MODELS OF THZ DOUGIAS ITBZ2D-1

ATIRPLARE INVESTIGATED IN THE IANGIEY FREE-SPINNING TUNKEL

[rhpl neutral, cockpit oclosed, landing-gear retracted,
left erect spins except ms noted]

No. T’,::nd ®Loeding Modification s";:‘;::;ﬁ::"’ Figure cu:n °f‘m’h
1 Erect 1 Nons None 1, 2 by
2 Inverted 1 None ¥one - 2
3 Erect 2 Hone None -m——— 3
b Erect 3 None None [y b
5 Erect 1 None None - =
6 Erect 1 Ventral fin 1 Nene 3 vII
7 Erect b Yontral fin 2 None 3 6
8 Erect 1 Antispin f£illets 1 None 3 VII
9 Erect 1 Antispin fillets 2 Nome 3 vil
10 Ereot 1 Elevator chord extended Nome b ViI
11 | Erect 2 5"';'::"::1’;::2 ¥one 3 vII
Erect b3 End plates Kone 3 7
13 Erect 1 m;:}nfgiﬁdl ¥one ——- vII
1 Brect 1 L‘:::i'nﬂ-r’;}i::‘ig None ——— vII
Ventrml fin 1 and anti-
15 Erect 1 ﬁﬁpiznﬁli';; Eéﬂ:“H None ———— 8
16 Erect 1 None Tail - I
37 Frect 1 None Wing tip ——— T

%1. Two torpedos, on immer racks.

2. Two torpedos, on inner racks, center of sravity 10 percent meen asrcdymemic chord rearward of normel.

kN
k.

Four torpedos.
One torpedo on inner reck.

Preft and right spin data presented.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




TAPIF TV.- MRS CRAPACTFRISTICS AMD INERTIA TARAMFTFRS FOR VARTCUS LOADING

CONDITIONS OF THE DOUGIAS YTRZD-1 ATRITANFE

| . . c‘:;::;;f' Moments of 1nart1;tﬁ'bout center of Tnertis prrsmaters
} . v,
¥o. Loading f"ﬂg‘t aen fo,000| location Erevity
! leve]l | Teot _ N R
; xfe | i 2 2 2 o il x 10* i N e 10"
(alng-rent®) |(slug-teat”) | (alug-Teet") :'b§ ""';é__ | b
1 |Normel loeding [26,3h3[ F.0F | 15,22{0.257 [0.077] 50,666 53,360 7,93 -T -1 118
2 [TV0 1000 pound o son{ 7,37 [ 13.83| em1 | wov7| 9,291 | 0,8 | ese1 & 121 125
3 {Four 100C pound |06 218} 8.03} 15.07| J250 | 073} %,%03 51,766 98, 608 3 117 114
4 |Norm] scout 21,000§ 7.05| 13.23| .201| .01%| UB,680 k9,963 ok, 877 -4 ~128 132
5 { Ferry airplane |29,k55( 9,01 16.91) 2P0 | .066| 78,578 65,608 136,113 N -167 136
Overlomd bomber
61 four 2000 33,510{10.25| 19,74} .261 | 104 R3,659 59,594 128,938 &4 =158 9
povnd horhs
Cverload tarpsdq ]
T{ four 2150 3k,069110.42} 19.56] 252 | .111] Po,363 %6,7°3 120,110 43 -7 09
pound torped v
A ‘ .
LRl i o, 11| 7.37| 13.88| 267 | .ohe] 1oam 51,631 o, 98 £ o | 1906
—rt
I
9 h;z::; riose #h,003| 7.34} 13.78] 217 | 006  sken1 51,999 R, 370 6 “126 | 120
10 mh::; o5, 7.60] mas| L0604 1,426 50,007 117,658 57 -180 ‘ 123

NATIONAL ADVISORY
COMMITTEE FOR ACRONAUTICS

‘O K& YOV

1% 241

12



TABIE V,- MASS CHARACTERISTI(S AND INERTTA PARAMETERS FOR LOADING CONDITIONS TESTED

ON

m.élgmmmormmusmen-lmn

[Hodal velues converted to corresponding full-scale va 8, moments of inertia
glven about center of gravity

Center-of-
votant] . gravity Moments of m;r::.;t;baut conter of Inertia paremeters
To. Loading Ty | mea |20 ooo—L‘?i‘Tl‘J'J‘-“L -
(1) level f;et s/ | 2fe 2 Ix xmhIY-szlohIZ.Ixxmh
(ulng-feet®) | (alug-feot?) |(slug-teet?) b mb? mb®
1 |Normel lomding | 26,693 8.2 15.3 [0.216{0.064| 52, T2 51, 9%69 | 10k,97% 1 -130 129
Overloed torpedo, T
? | four 2150 31,971 9.8 18.k | .234) .112| 70,307 %9, 774 121,927 k2 -147 105
torpedos '
Anymmetric loa
3| (exclusive of {25,144} 7,71 2.k | .255| 077 56,%87 54,231 111, kh5 6 -149 143
radar unit)
Center of grevity
4| 20 percent © 27,51 8L | 15.8 | .350| 019 5,665 Sk, 792 109, 3k9 2 -130 127
aft of normal

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE VI.- TAIL DAMPING POWER FACTORS FOR THE VARIOUS

23

TATL CONFIGURATIONS TESTED ON THE 53-3-30.&13
MODEL OF THE DOUGIAS XTB2D-1 ATRPIANE
No. Tail configuration TDR UEVC TDPF
1 Originel 0.0135 | 0.01Lk6 197 X 10‘6
2 | Antispin fillets 1 02k1 0186 | 352
3 Antispin filleta 2 0254 .01h6 371
L | Elevator chord 0135 0146 197
extension
5 Stabilizer and elevator | .0135 L0146 197
spen extenslion
6 Ventrael fin 1 0181 .01k6 264
7 | Ventrel £in 2 0210 .02k3 | 510
8 Ventrel 1 plus fillets 1i ,0287 0243 €97
9 Ventrel 1 plus f£illets 2} ,0300 .02h3 729
10 | Ventral 1, fillets 2, .0300 0243 | 729
elevator and atabi-
lizer span extensiom
11 | Tip fins 0335 0243 81k

NATIONAL ADVISORY
CCMMITTEE FOR AERONAUTICS
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TABIE VII.- EXFECT OF VARIOUS MODIFICATIONS IF TAIL DESIGE ON SPIN ARD RECOVERY CHARACTERISTICS
or THE %mn MOTEL CF THE DOUGIAS TTBZD-1 ATRPIANE
[loml loading; recovery as indiceted (recovery attespted from, and steady-spin
data presented for rudder-full with lptnl); left arect l'pinl]
Elevator Stabilizer
Antispin fillets 1 Antistin fillets 2 chord and elsvator
ettension | Spen extension
With With 1
Allsrons Neutral 3 Againgt Keutral 1 Noutral = with
3 [ra - o1l 3
3 3
Elevator Weutral wl m T | Up [Reutrl |2 vp [ g (Wewtred] Up % up
&
o, deg 2 | s | oes | B x| e 6| [ W ‘2
U pirg .
¢, deg = | ™ =T & w o'W | & m D Ig
—r—
sy TPS 0.39 0.37] 0.38) 009 | 0.00] 0.4 |0.h2 0.390.38 L 0.k2 Ouh)
v, fpa 282 =k | 233 w2 | 275 226 | 243 | 286 |2k7 229 X p8p
b, b 4,1 ce,1{ ¢ 4, -4,1 [cegl] e 4
>%5, S| 25 iF 35 b g [Teg 3& >6 ‘
Turns for ¢ '3y | &2%
recovery 3 % \
eLc a ol | 4 delf el ¢l 1 4
N ot g 3 %% o
entynl £ 1 and | Ventrul £in 1 and
Veptral fin 1 tispin T1l1ets 1 |antispin Fillets 2 | ™scillatory spin, renge of values given.
Py ery by rulder reversal.
1 1 ecovery by similtenecus full reversel
Allercns (Neutrsl | 3 with 3 Vit % vith of rudder and movement of the slevator
2 2 2 ‘n to full down.
< £ £ scovery by simultansous reversal of
Elevator ur 37 or 3 w 3w rudder to 2/3 s@ainst and elevator
" mto 1/3 down.
LT ) & 8 [ ¢ sual sstimmts.
<, dog k3 gﬁ 13;7 {; .E;r overy by simzltansous reversal of
rodder from full with to full agalnst
and elevator from full up to 1/3 down.
6, de 4D 0 0 ) w SRecovery by simultanecus reversal of
» C08 w @ | W o & rudder from full wvitk to full against
and elevator from full up to full down.
hRocower; sttempted by eimultanscus
Q, P8 0.0 0.1 }0.39 0.h1 0.h2 reversel of ruddsr from full with ,
Y, frs 257 2%0 | 244 23 261 :g g,llg mx.ut end slevator from 273 up
1 "B-cmrer: attempted from steep part of
i osctllatien,
3 ai a1 ’Rocover: attempted from flat part of
Turns for c]% d3 b} 1 2 oscilletion.
Tecovery
€y | Md e ‘-’% a5,k Model velues comverted to correaponding
n 3 L : 2 full-scale values.
2
U immer wving up
D 1imer wing down

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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QHART 1.- SPIN AND REGOVERY OJHARACTERISTIOS OF Agi-amu: XODEL OF THE DODGLAS XTR2D-1 AIRPLANE IN THE NORMAL LOADIRG

[Lon!:lnc po.\T: 1 on table V and figurs flapa neutral; oookplt .lossd; recovery attempled b{urwld full ruddst reversal exospt
P

6.
redovery attespisd from, and eteady-spin data presecisd for, rudder-full-with

BTM9T ‘ON NY VOVN

»s Boted 8); ereot epins]
Right splns ,'I!E Left spins hg'
S 5[5 i3
a IH" & L 7]
20 | U 26 {100 2 0 21 {50
28 | 30 % (100 | |4z | s ,2 ;p 30 (120 49 | 2p 51| W 51| 70
33 [0.45 308(0.h0| 304 lo.81]| | 304[0.m 326 jo.40 232/0.37| | 233j0.38| |23 [0.37
;Y ¢, 4
1, 2 13, 2 1L, %24 | |3k, »y 1%- »5, »T 2, oo, %
br2, b’) 2 4 4 2 —
5 % % | siterons 1/3 witn i ! 2. % 3, "%
Eg' oo n 7 ) ' 51 | D
td|D E ALY 173
Ha " . 229 o.41 aval Fd
o o
3| B | 23,2 1723 wp | ew | [T T 3 [P
Allerons Allerons fz f}
full agminst full with - ¥
Mo |spin .55 222 |o.k 252 |0.%3
P Ttaesox rered |27 %% otron r1gn) o 3% 1°%] as1erons ? ° B2, %
I 1 }E full against 1 4 ¥, 5
e 12 3 L1 [eraox ragnt) | 30 % '
E prt r:ﬁ"ﬂ;. e @
g ol el "5, 55
E: 4 M (8tick left) 2
q2)as
18 | 20 52 | 1w 51 | ap
Ho|spin ¥o |spy 289/ 0.53 ¥o |spin 229l 0,46 229 fo.46
h
2 of, B, %
. NATIONAL ADYISORY R .
*0acillntory spln, Tange of welues given, CONMITTEE FOR AERORALTICS deg1 | taeg)
:‘“1 on verge of recovery, Vodel vnluam
dgmm att-'ptu! Iz ravarsing ru;ld-r frolizi;u with tr:;” against the spin. converted to f‘l .y 0 ,
Ty P sdmylt Yy revers rodda fqll with 2 ) ]
apin and the elevator from fll with to 1/7 dewn, ) o 2/3 aguinat the izﬁf:::;:l:‘zlun. L e
Ty atieapted by simultansous full reversul of rodder end movement of the slewetor U iaper winf uUp Turna for
P full down. I inpeg wing down reCOvArY
Esgovery attwspied by milulisnecusly reversing the roider frow full with ta 2/3 aguinst

!h::. spin aud the elswator from 273 up to 1/) down,

vory sttempted ~iand ly raversing the ywider fros foll with to 2,
hthtlplumdtbnumtortru?ﬁuptozﬁdnn. /3 sominst
Aftar recovery, modal goas ipto invertad apin.

T 31XBUD
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[ 1] 3
HETR CHART 2.~ INVERTED SPINK AND RECOVERY CHARACTERISTICS OF A 5z-SCALL MODEL OF THE
[ XTI 1)
oo DOUGLAS XTB2D-1 AIRPLANE IN THE NORMAL LOADIKG
* @
.ogoc. [Londi.ng point 1 on table V and figure 6; flaps neutral; occckplt closed; recovery attempted
cese by rapid full rudder reversal (recovery attempted from, and steady~spin data preaented
o ee for, rudder-full-with apine); spins to pilot's lertl
...
e
“egoee®
] L ]

6 2
No |spin Ko |[spin 311 0.8
1 1
1‘,., 12
E
<
C
-t
-
@
31 ]
Stick left Stick right
(Controls together) Ko |spin (Contrels crossed) M | 0.44
L %3
4 4
k|
2
cl
Lol
pey
@
Ko | epin No spin No spin
NATIONAL ADYISORY
COMMITTEE FOR AERONAUTICS
a z
faeg) | tdegl
Visunl estimate Model valies - -
cnonverted to M .-
ccrresponiing tfrat | (res)
full-scals values.
U Loner wing up Turne for
* I inner wing down reccvery
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CHART 3.- BPIN AND RECOVERY CHARACTERISTICS OF A SCALE MODEL OF THE DOUGI_AB
XTB2D-1 AIRPLANE WITH THE CENTER OF GRAVITY K FEARWARD TEN PERCENT ¢
FROM THE NORAMAL LOCATION

[Londing point & on table V and figure 6; filaps neutral; cockpit closed; recovery attempted by
simultaneous rapld full reversal of the rudder and elevator except as noted {recovery
attempted from, ard steady-spin data presented for, rudder-full-with spins}; left erect

apin
g
<
o~
t
27 | v 53 | 2D 8 50 | éD
B
365|0.32 2330.34 d 233 |0.34
1 &
n—l n- 71&. 3 55 ED o, oo
!
233 p.36| AMlerons 1/% with
b b
g 6, 8 .
e~
313
ala .
al®
O
e|e
w |~
» | D
||
|~
&
5¢ | 1 53 | 4D
Allerons full against 226 0.40 Ailerons full with 6
Q. 22 .
(Btick right) (8tick left) c.79
5%: 7 os, o=
e
5 —~
°[3
|l
=
5|4
|
P|D
R
[ Rd
=
r
NATIONAL ADVISORY
COMMITTEZE FOR AEPONAUTICS
Syisusl observation. cdms v
ecovery attempted by simultanecusly reversing d2é) | (deg!
the rudder from full with to 2/3 against Fodel values v =
the spin and the elevator from 2/3 up to caonvertea to (fre) I
1/ down. corresgonainyg FE (rgsl
full-scale vanlues.
I 1nner winyg up Turng lor
C inner wing down recevery
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Chart 4

CHART 4.~ SPIN AND RECOVERY CHARACTERISTICS OF A 2—16'-30LLE MODEL OF THE DOUGLAS XTB2D-1
AIRPLANE IN THE OVERLOAD TORPEDO CONDITION

ading point 2 on table V and figure 6; flaps neutral;
simultaneous rapid full rudder and elevator reversal exoegt as noted (recovery attampted
from, and steady-spin data presented for, rudder-full-wit

cockpit closed; recovery attempted by
spine); left erect apins)

Allercns full against

(Stick right)

%Recovery attempted by simultanecusly
reversing rudder to 2/3 against the

b, 5Pin and the elevator to 1/3 down

Recovery attempted Ly simultanecusly
reversing rudder tc 2/3 agalnat the
2pin and the elevator to full down

B
o
B el
u
52 P-4} 8 53 3B
g
1 | 0.37 Wy 257 | 0.37
1%' 1% 56 1D 3 4
7 ] 0.39
o 2 2 Ailerona%!ith
o a 5.43
[=1 P l% [
F T
1
gl< % %
HE]
B
°l&
= |
53 1D 54 =
Allerons full with
254 | 0.43 (Stick left) 243 | 0.42
% 4 4 10
fiz
o
AN E
-]
ol*
A 4G
23S
JK
=1
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
x E
1Gegl fdeg!
Mcdel values
convertel to v o
correspoiding tfpet | trps}
full-scale values.
U inner wing up Turns for
D i1nner wing down recaovery




GHART 5.- BPIN AKRD RECOVERY CHARAGTERISTICS OF A *—SCALE HODEL OF THE DOUGLAS XTB2D-1 ATRPLANL WHEN LOADED

ABYMMETRIGALLY
Loading point 3 on table ¥ and figure 6; flaps acutrml; cockplt closed; recovery attempted by simultaneous Tapid full reversal of

:“‘Enﬂ-"“"" except s noted (recovery attompted from, and steady-spin data presented for, rudder-tull-with splow);

fh3 "aoes
Torpedo on left lnner ragk H
Y
1
S8
5130 “e g | 50 2 |
233 p.34 51 | 2p 226 |0.75 365]0.k1
a a [} [
2, 2 260,371 | 3. 7% EO
)
& oo 1 2 1/3 with
S
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b P OHART 6.- SPIN AND RECOYERY CHARACTERISTICS OF A EE-BCLLE KODEL OF THE DOUGLAS

(1] XTB2D-1 AIRPLANE WITH VENTHAL FIX 2 INSTALLED
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Chart 7

CHART 7,- SPIN AND RECOVERY CHARACTERISTICS OF A EIE-SOALE HODEL OF THE DOUGLAS XTB2D-1
AYRPLAKE WITH TIP FINS INSTALLED ON THE HORIZONTAL TAIL

E..cading point 1 on table V and figure 6; flaps neutral; cockpl” cloeed; recovery attempted by
simultaneous rapid full reversal of the rudder and elevatar except as noted (recovery
attempted rrom, and steady-spin date presented for, rudder-full-with spina); left erect spinéd]
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QHART 8,- BPIN AXD REOOYERY OFARAGTERISTICS OF A EIE-BGAIJ NODEL OF TEX DOUGLAS XYB2D-1 AIRPLANE WITH YENTRAL FIN 1,
ANTISPIN FILLETS 2, AND SBPANWIBE EXTENSION OF THE HORIZONTAL TAIL IRSTALLED
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FIGURE 1 . - THREE -VIEW DRAWING OF THE Z-Ié—SCALE MODELS OF THE

DoucLas XTB2D-1 ARPLANE AS TESTED IN THE FREE -

SPINNING TUNNEL . CENTER-OF -GRAVITY IS SHOWN FOR NORMAL

LOADING . DIMENSIONS ARE MODEL VALUES.



Figure 2.- Photograph of the Elg-scale model of the Douglas XTB2D-1

airplane in the normal loading.
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Figure 3.~ Ventral fins, tip fins, ond antispin fillets tested on a 35 -scale model of the

Douglas ATB2D-! airplane. Dimensions are full scale.
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NACA RM No. L6K18 Fig. 5

Figure 5.- Photograph of the -zls-scale model of the Douglas XTB2D-1

airplane spinning in the Langley 20-foot spin tunnel.
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Figure 6.- Inertia parameters for loadings possible on the
ZTBRD=-1 airplane and for the loadings tested on the
1/26-scale models. (Points are for loadings listed in
tables IV and V.)
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